Clinical and pathologic observations were made in four infants who died with asymmetric septal hypertrophy in the first five months of life. One of these infants was stillborn and the other three were aged 11/2 months, 41/2 months, and 5 months at the time of their deaths. The three live-born infants demonstrated severe congestive heart failure and cardiac enlargement. The clinical features present in these three infants during life suggested a variety of other congenital cardiac malformations, including congenital mitral regurgitation, pulmonary stenosis, and endocardial fibroelastosis. In each of the four infants the ventricular septum was markedly hypertrophied and was thicker than the postero-basal left ventricular wall; septal to postero-basal free wall thickness ratios ranged from 1.8 to 2.6. Moreover, the septum of each infant contained a disordered arrangement of hypertrophied cardiac muscle cells. In three of the infants the myocardial cellular abnormalities were less marked in the left ventricular free walls than in the ventricular septum. In the fourth infant disorganized cardiac muscle cells were distributed widely in both the ventricular septum and left ventricular free wall; the clinical findings suggested the absence of left ventricular outflow obstruction in this infant. Asymmetric septal hypertrophy was documented in one first degree relative of each infant. It is concluded that asymmetric septal hypertrophy is a genetically transmitted disease that may present clinically in infancy and lead to infant death. Furthermore, the characteristic pathologic feature of asymmetric septal hypertrophy in adults, a disproportionately thickened ventricular septum containing numerous hypertrophied and disorganized cardiac muscle cells, can be present at birth.
Echocardiography
In adults with ASH, a disorganized arrangement of hypertrophied and bizarrely-shaped cardiac muscle cells is the characteristic histologic feature of the ventricular septum.24' 25 We hypothesized that if these disorganized cardiac muscle cells are the morphologic manifestation of the genetic defect in ASH,"' 2 they should be present in the disproportionately hypertrophied ventricular septum at birth. Therefore, to test this hypothesis and to determine more definitively whether ASH is a cause of infant death, clinical and cardiac pathologic observations were made in four infants with marked left ventricular hypertrophy who died during the first five months of life.
Clinical Data Patient #1
This male child (birth weight 2.9 kg) was the product of a normal full-term pregnancy and an uneventful delivery. The mother was a 22-year-old gravida 3, paragravida 3. The neonatal period was uncomplicated. At six weeks of age, during a routine physical examination, a grade 4/6 systolic murmur was heard along the left sternal border. Chest fluoroscopy demonstrated an enlarged heart. At three months of age the child was admitted to Northwestern Hospital (Minneapolis, Minnesota) because of congestive heart failure.
The physical examination on admission showed a heart rate of 160 beats/minute and a respiratory rate of 809 10ARARN FT AL. 44 /miinute. The ehild was acyanotic at rest; however, perioral evaniosis was present with crying. There was a prorninent left ventricular impulse. First and second heart soounds were, niormal. A grade 4/6 pansystolic blowing murmur and a grade 3/6 low-pitched mid-diastolic murmur were present at the apex. No ejection click was heard.
Peripheral pulses were normal and equal in amplitude. Inspiratory rales and wheezes were present in both lung fields. The liver was palpable 3 em below the right costal margirn. The electrocardiogram showed first degree atrioventricutlar b)lock (P-R interval, 0.16 see), mean frontal plane axis of +2100, right atrial enlargement, and probable right ventricuilar hvpertrophv ( fig. 1 ). Chest radiographs showed cardliac enlargement (cardiothoracic ratio 0 75), and niormal pulmonary vascutlar markings ( fig. 2 ). At cardiac catheterization miiean right atrial pressure was 11 mm Hg, pulmonary arterial pressure 32/18 mm Hg, and right ventricular pressture 53 13 mm Hg. A 21 mm Hg pressure gradient was demionstrated betwexen the right ventricle and pulmonarv arterv. Mlean left atrial pressuire was 18 mm Hg with a ''V ; wave of 45 mrmi Hg and an awave of 25 mm Fig. Sx7stemic arterial oxygen saturation "as 94%. The pressure in the ascending aorta was 105/70 mm Hg. A satisfactorv pressure recording could not be obtained in the left vxentrile c duie to imultiple episodes of ventricuilar tatelxveardia. A left ventricular angiocardiogram showed a dilated chamrber during diastole and a hvpertrophied ventricoilar septumi, bulging into the left ventricular outflow tract ( fig. 3 ). There was also severe mitral regurgitation and an enlarged left atrium. In systole there was marked emptving of the left ventricle and obliteration of the apex (fig.  4) Elec'trocardiogrcamu fromt patierrit #f 5shofwJinfg Ca prolonged P-R itterrala marked ig/it cixis devicatiaon and right arial enrlargement.
Big/it ventrriular hlypertroplth is srtggested bil tie dee) S waves ini precorclial leads V3-'5.
Figure 2
Poster()-wurior C/rest radiograph froti patient #1 showoirig 1riarkedl kg) was a product of a normal full-term pregnancy and an unventful delivery. The mother was a 25-year-old gravida 2, paragravida 2. Cyanosis was noted immediately after birth and oxygen was administered. Physical examination was otherwise normal and no heart nmtirrnir swas heard. On the fourth dav, a tachvcardia of 180 be>ats mintute waxs present; the diagnosis of early congestive heart failtire xw as made and therapy with digoxin was begun. On the seventh dav, a harsh svstolic ejection murmur vas heard along thei left sternal border for the first time. Over the' next imointh, the child tired easily dturing feedings and grew poorlv; he was transferred to the Maxvo Clinic for cliagnostic studclies at five weeks of age. Phvsical examination on admission showed a heart rate of 120 h)eats minuite ancl a respiratorv rate of 40/minuite.
(Cvanosis was present with crving or exertion. Systolic blood pressure wsas 56 nun Hg. Weight was 3.9 kg. There was a prominent right ventricular impulse along the left sternal border. The first heart sound was normal; the second souind split normallx and the pulmonic component was diminished in intensitv. No ejection click was heard. A grade 2/6 highpitched svstolic ejection murmur was loudest at the second left intercostal space. A third heart sound was present at the apex. The peripheral pulses were normal and equal in amplitude. The liver was palpable 3 cm below the right costal margin. The electrocardiogram showed right axis clev iation (+ 1900) and right ventricular hvpertrophv. Chest radiographs showed marked cardiac enlargement and norrial ptilmiornarv vascular markings, The clinical diagnosis xwas severe pulmonarv valvular or infundibular stenosis and a patdnt foramenl ovale svith a small right-to-left shunt. The decision to perform a pulmonary valvotomv was made. However, while in the hospital awaiting operation (at six weeks of age) the patient died suddenlv. Two male siblings, aged 11 and 17 years, are in good health at this time. There is no family historv of congenital heart disease or premature deaths believed to be due to cardiac disease. There were, however, seven unexplained deaths in infants or children (including three stillbirths) in offspring of siblings of the patient's grandparents. The clinical and pathologic data of this patient have been partially presented elsewhere.26
Patient #3
This stillborn male child (weight 5.6 kg) was the product of a ftull-term pregnancy complicated bv maternal diabetes and preeclampsia. The mother was a 22-vear-old gravida 2, paragravida 0. Labor was complicated by fetal head and shoulder (Ivstocia although normal fetal heart tones were heard throughout. Post mortem examination of organs other than the heart revealed subarachnoid and intradural hemorrhages, cerebellar infarction, and a fracture of the left clavicle.
Figure 4
Postero-anterior left ventriculair angiocardiogram in systole from tfie sarrme patient as shown in figutre 3. There is marked emptying of the left venitricle with oh/iteration of the apex.
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The patient's siblings, aged 11 and 12 years, are in good health. Another sister was born 3 months prematurely and died during the first day of life of unknown causes. There is no family history of congenital heart disease or premature deaths believed to be due to cardiac disease. One male siblirng of the maternal grandmother died at age 3 years of unknown causes. The clinical and pathologic data on this patient have been partially presented elsewhere.26
Patient #4
This female child (birth weight 3.3 kg) of Amish parents was the product of a normal full-term pregnancv and an uneventftul deliverv. The mother was a 27-year-old gravida 3, paragravida 3. The child was in good health until 31/2 months of age when she contracted an upper respiratorv infection. Thereafter she was noted to be irritable, to tire easilv duiring feedings, to have rapid breathing and grunting respirations, and to coulgh frequiently. Perioral duskiness was present, especiallv with crying. The child was admitted to the Rilev Children's Hospital of the Indiana Universitv Medical Center for evaluation. Phvsical examination showed a heart rate of 150 beats/minute, a respiratory rate of 90/minute with suibsternal retractions, and a temperatture of 1010, The child weighed 5.1 kg (tenth percentile) and her height was 63 cm (ninetieth percentile). The first and second heart souinds were soft. No murmurs were auidible. A third heart souind gallop was heard at the apex. Peripheral pulses were normal and eqiual in amplitude. Fine rales were present in both lung bases. The liver was palpable 5 em below the right costal margin. An Therapy with digoxin and diuretics was instituted; there was mild improvement in the congestive failure and the patient was discharged from the hospital two weeks after admission. Three weeks later (age 4/2 months) she developed progressively severe congestive heart failure and cyanosis and was readmitted to a local hospital; she died two days later despite vigorous treatment with digoxin and diuretics.
The patient's father (age 27 years) has documented obstructive ASH with a 90 mm Hg left ventricular outflow gradient at rest. A female sibling of the patient died at 4 months of age with an "enlarged heart and a murmur." Another male sibling, age 6 years, is in good health. A maternal aunt (age 23 years) had severe pulmonary valvular stenosis and mild infundibular stenosis.
Materials and Methods

Gross pathology
Studies were made in each of the four hearts with ASH, in nine normal hearts (from infants who died as the result of trauma), and in hearts from six infants with ventricular hypertrophy due to congenital heart disease other than ASH (three infants with severe aortic valvular stenosis, two infants with large ventricular septal defect and one infant with complete interruption of the aortic arch and ventricular septal defect). Measurements of ventricular wall thicknesses were made, when possible, in the following areas: 1) maximum thickness of the ventricular septum, usually about 1.5 cm below the aortic valve (one-third to one-half the distance between the aortic valve and left ventricular apex); 2) anterior, posterior, and lateral regions of the left ventricular free wall in the same transverse plane as that taken for the ventricular septum; 3) left ventricular posterior wall at several points in a longitudinal plane extending from behind the posterior leaflet of the mitral valve to the left ventricular apex; 4) right ventricular wall, 1 cm below the tricuspid valve annulus (posterior) and 1 cm below the pulmonary valve annulus (anterior). The infants without ASH ranged in age from full-term stillborn to 9 months of age (median, 2 months of age).
Histology
Multiple blocks of myocardium from each heart were taken, when possible, from the full thickness of the ventricular walls in the following areas: 1) left side of the ventricular septum in the area of maximum thickening; 2) left ventricular posterior wall, one-half the distance between the mitral valve annulus and left ventricular apex; 3) posterobasal left ventricular wall from the area directly behind the posterior leaflet of the mitral valve; 4) left ventricular apex; 5) anterior left ventricular wall, one-half the distance between the mitral valve annulus and left ventricular apex, and 1 cm to the left of the ventricular septum; 6) right ventricular free wall, in the area of the right ventricular outflow tract (outflow) and near the tricuspid valve (inflow); and 7) left ventricular papillary muscles.
All tissue specimens were embedded in paraffin, sectioned at a thickness of 6, and stained with hematoxylin and eosin. The severity and extent of disorganization of cardiac muscle cells was rated according to the grading system presented in table 2. The purpose of this assessment was to determine Circulation, Volume 50, October 1974 whether cardiac muscle cells in a given area of tissue were normally aligned in respect to each other. We have found that such an analysis of cellular arrangement must necessarily be limited to cardiac muscle cells cut in longitudinal or slightly oblique planes of section. Transverse diameters of muscle cells were measured from tissue sections with a calibrated micrometer eyepiece. Measurements were made on 35-50 longitudinally-oriented muscle cells and the average of these measurements was used to define the cell diameters characteristic of each tissue section.
Echocardiograms
Echocardiograms were performed on family members of three of the infants by the use of a modified Ekoline-20 ultrasound unit with an Aerotech gamma transducer.5 The ultrasound signal was connected via a custom built video amplifier to a Honeywell 1856 Visicorder and recorded continuously on light sensitive paper. Thickness of the ventricular septum was measured below the tips of the mitral valve leaflets just prior to atrial systole; postero-basal left ventricular wall thickness was measured at the level of the tips of the mitral valve leaflets during the same phase of the cardiac cycle.
Results
Gross Pathology of the Heart
The hearts of all four patients with ASH will be discussed together because of the similarities in their gross pathologic features (table 1). Heart weights were greatly increased and ranged from 75 to 100 g (normal, about 25 g). The most characteristic abnormality of each heart was marked hypertrophy of the ventricular septum and disproportionate thickening of the ventricular septum in comparison to the postero-basal left ventricular wall. In older children and adults with ASH, the ratio of the thickness of the ventricular septum to the thickness of the postero-basal left ventricular wall is equal to or greater than 1.3;6 this ratio in the four infants ranged from 1.8 to 2.6. In contrast, in the nine normal infants the upper limit of ventricular septal thickness was 7 mm and the ratio of ventricular septal to postero-basal left ventricular wall thicknesses ranged from 0.9 to 1. In patienlt #4 the left ventricular cavity and the endocardiurm was markedly thi right venitrictilar cavity in this patient redciuced in size. In the hearts of patients #1 the hvpertrophied ventricular septum bul1 outflow tracts of both the left and right ve 6) andc markedlv reduced the size of each of interest that, dutiring life, the left ventri xxas dilated in diastole (as assessed b dliography ) in patient #1. This finding emi (ifficulty in comparing cavitx dimensions inig life xx ith those obtained at necropsx xentricular oitfiowx tract of patients #2 crista supra entricularis (particuilarlv the s was hlx pertrophied and mav have contrib outfioxx gradient measured during life. T clitum of the ventricular septum in the re left ventricular ouitflow tract was thickenec #1. #2, and #3.
In the hearts with ASH described in this the posterior and anterior left ventricula shoxed great variation in thickness. The p( w as uisuallv thickest about one-half the distance between the apex and mitral valve annulus and tapered toward the basal area to become about the same thickness (7-13 mm) as it was near the apex. In patient #2, the anterior left ventricular wall was thickened to an unuisual degree (18 mm). In fact, if the ratio of ventricular septum to anterior left ventricular wall thickness (ratio= 1) was used, the criteria for ASH would not have been fulfilled. As has been emphasized previously,5' 27 however, posterobasal wall thickness should be used in the calculation; when this was done the ratio was 2.6 and the diagnosis of ASH was established. Measurements of ventricular wall thicknesses are summarized in table 1.
The left atrium was moderately dilated in three of the hearts (patients #1, #2, and #4) and normal in size in the stillborn infant (patient #3). Left atrial endocardium was thickened in patients #1 and #4. The right atrium was normal in size and appearance in each heart.
In all four hearts the relation of the great vessels, the veniouis connections to the heart, and the appearance of the aortic, pulmonic, and tricuspid Th/e1 niassuljX valves xwere normal. In patient #1, the mitral valve inito the right leaflets were moderatelv thickened and the valve was wonaryJ val/e, displaced anteriorlv. The mitral valve appeared normal in the other three hearts. The papillary muscles xxere hvpertrophied in each heart. Lue to con-The (luctus arteriosus was widely patent in the lid the ven-stillborn infant (patient #3), narrowly patent (2 mm in 5; hoxvever, diameter) in patient #2, and closed in patients #1 and ill thickness #4; the origin and distribution of the coronary arteries in each heart appeared normal. The foramen ovale was dilated showed valve-competent patency in all hearts. ekened; the was slightly Histology L? #2 and #3, Myocardiutm from the ventricular septum and venicuilar cavity tricular free walls of all nine infants with normal y angiocarhearts contained cardiac muscle cells that were reephasizes the tangularlv shaped in longitudinal section, and made dur-arranged in parallel ( fig. 7 ). In two of these nine in-In the right fants, rare small foci of cardiac muscle cells were and #3, the observed in which adjacent cells had lost their normal >eptal band) parallel alignment and were arranged obliquely and Histologic section of the ventricular septum from a 4-month-old infant with a normal heart. The cardiac muscle cells are normal sized, rectangular in shape, and arranged in parallel to each other. Hematoxylin and eosin stain. X 120. transverse diameters of cardiac muscle cells in the ventricular walls of these patients ranged from 6 to 27 g (average, 14 g).
Ventricular Septum of Infants with ASH
In all four infants with ASH, many cardiac muscle cells in the disproportionately hypertrophied ventricular septum showed abnormalities in size and arrangement when compared to the myocardial architecture of normal infants and infants with ventricular hypertrophy due to causes other than ASH. Cardiac muscle cells from the infants with ASH were hypertrophied, with transverse diameters that ranged from 10 to 70 g (average, 24 ). Although many of these hypertrophied cells from the ventricular septum were normally oriented with respect to each other, numerous other hypertrophied cells in each patient showed a characteristic disorganized arrangement. This disorganization assumed two patterns: 1) foci of cardiac muscle cells in which adjacent cells were arranged perpendicularly and obliquely to each other (figs. 8 and 9), and 2) small groups or bundles of cardiac muscle cells that interlaced in various directions among larger and more normally arranged groups of cells; this arrangement of cells gave the myocardium a swirling appearance ( fig. 10 ). There was a tendency for myocardial cellular disorganization in the ventricular septum to be more severe in the older infants. Thus, the heart of the stillborn infant (patient #3) demonstrated the least marked alterations in cellular arrangement, consisting of several small foci of disorganized cells. The most prominent alterations in myocardial architecture, which consisted of large foci of disorganized cells as well as interlacing bundles of cells, were present in the five-month-old infant (patient #1). Many of the disorganized cardiac muscle cells in the ventricular septum of the infants with ASH appeared to be irregularly shaped, although tissue embedded in paraffin does not lend itself to precise assessment of cell boundaries.
Left and Right Ventricular Free Walls of Infants with ASH
Cardiac muscle cells from the anterior, apical, and posterior areas of the left ventricular free walls of all four infants were hypertrophied with transverse diameters ranging from 5-50, (average, 17 ,). Cells in the postero-basal area of the left ventricle tended to be somewhat smaller (transverse diameters of 5-33 g; average, 12 g). The vast majority of cardiac muscle cells in the left ventricular free walls of patients #1, #2, and #3 were normally arranged. Disorganized cardiac Figure 10 Histologic section of the ventricular septum from patient #1 showing small bundles of cardiac muscle cells interlaced in a disorganized fashion among other larger and more normally arranged bundles of cells. Hematoxylin and eosin stain. muscle cells were either absent from the left ventricular free wall (patient #f3) or less widely distributed in the left ventricular free wall than in the ventricular septum (patients #1 and #2). In patient #4, prominent foci of hypertrophied and disorganized cardiac muscle cells (similar in extent to those foci present in the ventricular septum of this patient) were distributed widely throughout the left ventricular free wall ( fig.  1 1) . In all four infants, cardiac muscle cells in the right ventricular free wall were mildly hypertrophied (5-25 9 in transverse diameter; average, 13 g) but were normally arranged. The data on the distribution of disorganized cardiac muscle cells are summarized in table 2.
Areas of infarction with scar formation or calcification were present in one or both left ventricular papillary muscles of all four infants; these changes were most prominent in the papillary muscles of patient #1.
Echocardiograms of Family Members
ASH was demonstrated by echocardiography in one first-degree relative of patients #1, #2 and #3 and was present in one other relative of patients #1 and #3. All family members with abnormal echocardiograms were asymptomatic. The echocardiographic data of the families of the infants are summarized in table 3. Echocardiograms were not obtained on family members of patient f4. However, the father of patient #f4 had ASH with obstruction, which was documented by cardiac catheterization.
Discussion
We have shown recently that ASH is a genetic defect transmitted as a highly penetrant autosomal dominant trait.' However, while 50% of the parents and siblings of adult patients with ASH have disproportionate hypertrophy of the ventricular septum, ASH could be detected echocardiographically in only 30% of the children of index cases. This finding suggested that the gross anatomic manifestation of able this genetic defect (i.e., the ventricular septal thickening) may often appear only in later childhood or early adulthood. This concept supports our experience"8, and that of other investigators7' 28 that ASH usually manifests itself clinically in the second or third decades of life and is much less common in children than in adults. In particular, we could find reports of only six patients under one year of age in which the clinical and/or pathologic features were compatible with the diagnosis of ASH. 12, 18, 22, 23 The results of this study, however, suggest that ASH is not as uncommon in infants as originally suspected, and that the paucity of documented cases of ASH in the first few months of life may be due, at least in part, to difficulties encountered in the clinical diagnosis of ASH in this age group. This explanation is supported by the fact that the diagnosis of ASH was not made clinically in any of the infants described in this report. Furthermore, ASH was not suspected in two of the four infants even after initial pathologic examination. However, once we appreciated the characteristic gross anatomic features of ASH in adults, particularly the need to compare the markedly increased thickness of the ventricular septum with the thickness of that portion of the left ventricular free wall located directly behind the posterior mitral leaflet,5' 27 reexamination of the hearts of these two infants revealed disproportionate hypertrophy of the ventricular septum.
Although disproportionate septal hypertrophy is observed only rarely in older children and adults with cardiac diseases other than ASH,' 6 three of the six infants with congenital heart malformations other than ASH (analyzed for comparison in this study) had septal to postero-basal left ventricular wall thickness ratios that were 2 1.3 and therefore met our anatomic criteria for ASH. However, two observations suggest that these infants did not have cardiac conditions that were part of the ASH spectrum of disease. First, in none of these infants did the ventricular septum show the marked hypertrophy characteristic of infants with ASH. Second, the ventricular septa did not demonstrate the disorganized arrangement of hypertrophied cardiac muscle cells that previous studies24' 25 have shown to be a characteristic manifestation of the disproportionately hypertrophied ventricular septum in adults with genetically determined ASH. We have hypothesized that this bizarre myocardial architecture, which is rarely observed in hypertrophied hearts in other conditions,24' 2, 29 is a morphologic manifestation of the genetic defect in ASH.6' 25 The finding of hypertrophied and disorganized cardiac muscle cells in the markedly thickened ventricular septa of each of the four infants with ASH with no other cardiac abnormalities is of central importance in substantiating that these infants did indeed have the same disease as adults with ASH. Furthermore, these findings indicate that disorganized cardiac muscle cells can be present at or near the time of birth in infants with ASH, and supports the contention that cardiac muscle cells with these morphologic features are an expression of the genetic abnormality in ASH.
The "abnormal' septal to postero-basal wall thickness ratios observed in three of the six infants with congenital heart diseases other than ASH might have resulted from the small absolute measurements of ventricular septal and postero-basal left ventricular wall thicknesses. For example, when ratios are calculated from absolute values that are very small, minor differences in wall thickness could yield calculated ratios considerably greater than unity, leading to a false positive diagnosis of ASH. Whatever the reason, it is clear that, in infants, a septal to postero-basal left ventricular thickness ratio of 2 1.3 cannot in itself be used as the sole criteria for the diagnosis of genetically determined ASH; such a finding must be associated with a ventricular septum that is markedly hypertrophied and that contains abnormally arranged, hypertrophied cardiac muscle cells. The disorganized arrangement of hypertrophied cardiac muscle cells in the ventricular septum of the four infants with ASH appeared in two distinct patterns. One pattern was characterized by adjacent cells arranged obliquely and perpendicularly to each other and is typical of adult patients with ASH. 24 25 The extent and severity of these foci of disorganized cardiac muscle cells appeared, however, to be less marked in infants with ASH than in adults with this condition. The second pattern, which was rarely observed in adults with ASH,25 was characterized by bundles or groups of hypertrophied cells which wove in various directions among other more normally arranged bundles of cells and gave the myocardium a swirling appearance. The relation between these two forms of disorganized myocardial architecture is unclear.
In a previous study of 21 adults and one child with ASH, analysis of operative biopsies and tissue obtained at necropsy revealed that hypertrophied, bizarrely-shaped and disorganized cardiac muscle cells were present in the ventricular septum of all patients with obstructive or nonobstructive ASH. 25 However, there were marked differences in the distribution of the abnormal cardiac muscle cells in the ventricular free walls of these two groups of patients. Thus, most symptomatic patients with nonobstructive ASH had the bizarrely shaped and disorganized cells distributed diffusely throughout the left ventricular wall; these cells were limited largely to the ventricular septum in patients with obstructive ASH. The clinical features of patient #4 in this report suggest that she Circulation, Volume 50. October 1974 had ASH without obstruction (no murmur was heard and no pressure gradient was present between left ventricle and aorta). The distribution of myocardial cellular abnormalities in this infant was similar to that observed in adult patients with nonobstructive ASH; foci of disorganized cardiac muscle cells were present in both the ventricular septum and left ventricular free wall. In the other two live-born infants (patients #1 and #2) and the stillborn (patient #3) disorganized cardiac muscle cells (either foci of disorganized cells or disorganized bundles of cells) were either absent (patient #3) or less widely distributed in the left ventricular free wall (patients #1 and #2). This pattern of distribution of the myocardial cellular abnormalities is similar to that present in adult patients with obstructive ASH. It would be tempting to assume that the systolic murmurs heard in patients #1 and #2 were due to left ventricular outflow obstruction. However, adequate left heart hemodynamic data were not available, and it is equally possible that the murmurs originated from right ventricular outflow obstruction (documented at catheterization in patient #1).
Echocardiographic or catheterization studies of the families of the four infants with anatomic and histologic evidence of ASH were consistent with the observation that ASH is inherited as an autosomal dominant trait.' It should be pointed out, however, that in three of the four families, none of the affected relatives had cardiovascular symptoms. Furthermore, in two of these three families studied echocardiographically, the relatives with abnormal echocardiograms appeared to be only mildly affected, with ventricular septal to postero-basal left ventricular wall ratios of only 1.3-1.4, and septal thicknesses that were either at the upper limits of normal or only slightly increased. It is possible, of course, that the borderline abnormalities manifest in these two families merely represent values within the upper limits of the normal distribution curve, or indicate errors in measurement rather than subtle manifestations of an underlying genetic defect. In the remaining family (that of infant #4, who probably had nonobstructive ASH), ASH with obstruction to left ventricular outflow was documented in the infant's father at catheterization. These findings illustrate the point that ASH encompasses a broad pathophysiologic spectrum, that the phenotypic expression of the genetic defect is highly variable, and that definitive diagnosis of this condition may be difficult.
It is of interest that all three of the live-born infants in this report manifested massive cardiac enlargement on chest radiograph, a feature uncommonly found in adults with ASH.7 30 Moreover, each of the two liveborn infants who had angiographic studies demonstrated markedly increased left ventricular Circulation, Volume 50, October 1974 end-diastolic volumes. In contrast, increased left ventricular end-diastolic volumes have not been described in adults with ASH. In conclusion, the results of this study demonstrate that: 1) ASH can present clinically during infancy with congestive heart failure and cardiac enlargement, although it may masquerade in the guise of a variety of cardiac diseases; 2) ASH is a cause of infant death; and 3) a disproportionately thickened ventricular septum containing numerous hypertrophied and disorganized cardiac muscle cells, shown previously to be characteristic features of ASH in adults, can be present from birth.
